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Lecture 10 - Topics 

• Relativistic strings: Nambu-Gotto action, equations of motion and bound- 
ary conditions 

Reading: Section 6.1 - 6.5 

S (X world-sheet area {A) 
Units of const, of proportionality 
[S] ~ [J dtL] = Energy x time = 
[World Sheet Area] = 
[Const, of Proportionality] = 



M 



To 



= ^ . So let To /c be constant 



Recall for tension Tq: [Tq] = [Force] = 
of proportionality for S oc A. 

Nambu-Gotto Action 

S=-— r dT [ ' daJ{X-X')^-{X)^{X')2 
c Jn Jo 

where X^" = X' = The two tangents to the surface. 
This defines the dynamics of the string. 
World sheet metric: Let = t, = a. 
Distance between 2 points on the worldsheet: 



-dx"^ = dX^dXf, = Tj^^dX^dX" 



dXf' dX" 
^a.ffiOdCdC'' 



dCdC'^ 



where -fa/3 = Vixi'%r^ 



^2 XX' 
XX' {X'f 



String world-sheet metric. All signs from the 77 are in the X's. So: 
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S = - 



dTrf(T\/— 7 



where 7 = det^jcefs)- Lorentz invar., rcparam invar. 

X = J ' dT ' daC{X'',X'i') 

Lagrangian Density: 

C{X^',X'^') = - — ^{X-X'Y - {Xf{X'f 



5S = Q 



5S 



da 



5X^' = 5 



Define: 



dXi^ 



dC 



= •p'^ = — 



^{x-x'Y - {xy{x'y 

To {XX')X^ - iXfX'^ 



Things will simplify soon. 

So: 

d 



dr 



^sx^pr) + Q^{5x<^v;,) - sx^i^ + ^) 



dr da 



— ^ H ^ = 

dr da 



SS = JJ drda 
6S = 0so ... 

For open strings: 

£ dT[6X%T,a,)VS{T,a,)-dX\T,0)VSiT,a,)+dX\T,a,)V'^^^^'^'^^^^^ 
2D Constraints. 
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For most, get choice as to how the term vanishes since product of 2 terms (so 
either can be 0). 

For ^ 0: 

1. Dirichlet BCs: X'^{T,a») =constant, (5X'^(t, cr«) = (for ct* = or ai) 

2. Free BCs: P^{T,a^) = for a* = or cti. 

For ^ = 0: 

1. dX°/dT < can't have Dirichlet. 

2. Free BCs. P^(t,0) = Po(r,ai) = 0. 
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